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SOLID POLYMER ELECTkOLYTE 

The present invention relates to a solid polymer electrolyte important in 
electronic applications such.as the manufacture of fuel cells and batteries. 

Solid electrolytes are desirable in the. construct of cells, batteries and 
capactiors because the problem of leakage from liquid electrolytes is 
avo.ded. Solid polymer elecMy.es also offer otter advantage, over 
Lqmd electtolytes in ,ha. ,hey enable me fabrication of cheaper, safer 
> smaller and lighter solid s,a.e products which are suitable for use in many 
different applications. 

Typically, solid pdyn.er elec.roly.ea are prepared from mixtures of 
polymers, non-volatlle solvents and alkali metal salts. PCymers such as 
poly(alkylene oxide), p 0l y(vmyl fluoride), poly(vmylidene fluoride) 
polysulfone. polyacrylontaiIe. polyes.er. polyelher, polylethyleneHmlne' 
polymethacry.ate, polyfethylene succinate). poly(N-propylaziridine) ' 
poly(alkylene s„Iphide)s. poly(e,hylene adipate), or copolymers are 
known. Solid polymer electrolytes are made mos. practically by 
dissolving the solid polymer and salts in high boiling point polar organic 
solvents prior to the casting of thin films. 

For solid polymer electoly.es to exhibit high ionic conductivity the sal, 
must dissolve in the polymer ma<rix. It is also essential .ha, me solid 
eIecu-oIy.es have sufflcien. mechanical and dimensional stability as for 
example, in .he manufacture of batteries me main objective is to obtain a 
soltd electrolyte to separate the two electrodes. It is also important that 
they are chemicaUy stable towards electrodes and other components in the 
polymer electrolyte systems. 
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A major drawback with the commonly employed polymers is that they 
tend to be crystalline and therefore the ionic conductivity decreases when 
the temperature drops below the melting point of the matrix polymer. 
For example, the complex polymer film consisting of polyethylene oxide 
5 and alkali metal salt has an ionic conductivity of around 10" S cm- at 
temperatures of 100-C, or higher but an ionic conductivity of 10" S cm" 
at room temperatures. The solid polymer electrolyte is therefore limited 
to high temperature operating conditions. This low conductivity at 
ambient temperatures is recognised as a major limitation for widespread 
10 application of solid polymer electrolytes. 

A solution to these problems has been sought. 
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According to the invention there is provided an electrical device including 
two asymmetric electrodes and an ester-cured alkaline phenolic resole 
resin containing conducting alkaline salts. 
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It has surprisingly been found that the electrolyte used in the invention is 
not crystalline in its solid state and exhibits good conductivity at ambient 
temperature. Without intending to be bound by any supposed theory, it is 
believed that the cured composition is useful as an electrolyte because 
dissolved alkaline salts, essential for conductivity, are formed in-situ 
during the curing process, thereby negating the need to prepare a salt 
polymer solution. 



Cured phenolic resins are thermoset polymers and are superior to all 
other resin systems with respect to their good thermal and mechanical 
stability, and their flame resistance. Normally they have good electrical 
insulating capabilities too. It is therefore surprising that an ester-cured 
30 alkaline resole resin is useful as an electrolyte. 
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riTT/* 08 according t0 *• invenaon is ~* * • 

battery mdudmg tw0 or more ^ or , 

electrolytic capacitor). pwuiy an 

Jbe ester-cured salt-containing aUcaUne phenolic resole re s in is preferably 

base. The phenohc resole is preferably a reaction product of a phenol- 
reacfve aldehyde with an alkaline compound of formula 
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(I) 



wherem R' is a straight or branched chain optionally unsaturated 

a*yl group containing from 1 ,o 8 carbon atoms (preferab,y from 1 to 4 

carbon atoms, more preferably from 1 «o 2 carbon atoms, optionally 
sub satuteq by . mogea atom (preferawy chiorine) or P - 

20 halogen atom (preferably chlorine,, a hydroxy group. aod/or J££' 

orTlTT ( : Pti ° naUy SUb ~ * — «"« a sJigb. 

pre "f 7 ^ Sr ° UP ° 0, " ainte8 *"» 1 «° 8 — — 

■* bX gir by a Mogen a,om ( « — - . 

M is a mixture of hydrogen ions and a. leas, one further cation 
pre erab y the a, leas, one farmer ca,ion is an alkali meta, cation 

ZT7 ,itM " m " ~ m> ' " ^ «* «- «,ion 

preferab.y barium, magnesium or ca,cium,, and/or a N(RV ion 

30 wheren, each » is «he same or differen, and is hydrogen or a ,r gh, 

branched chain alkyl group con.aining from 1 to 4 carbon atoms,, where Z 
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the molar ratio of hydrogen ions to the at least one further cation is 
sufficient for the pH to be greater than 7 and is preferably from 2:1 to 
1:1; and 

n is from 0 to 2. 

5 

Examples of suitable compounds of formula (I) include, but are not 
restricted to the salt of phenol itself, salts of substituted phenols such as 
alkylated phenols, halogenated phenols and polyhydric phenols, and 
hydroxy-substituted poly-nuclear aromatics. Examples of alkylated 

10 phenols include methylphenol (also known as cresol), dimethylphenol 
(also known as xylenol), 2-ethylphenol, pentylphenol and tert-butyl 
phenol. Examples of halogenated phenols are chlorophenol and 
bromophenol. Examples of polyhydric phenols include 1,3-benzenediol 
(also known as resorcinol), 1,2-benzenediol (also known as pyrocatechol) , 

15 1,4-benzenediol (also known as hydroquinone) , 1,2,3-benzenetriol (also 
known as pyrogallol), 1,3,5-benzenetriol and 4-tert-butyl-l,2-benzenediol 
(also known as tert-butyl catechol). Examples of hydroxy-substituted 
poly-nuclear aromatics include 4,4'-isopropylidenebisphenol (also known 
as bisphenol A), 4,4'methylidenebisphenol (also known as bisphenol F) 

20 and naphthol. 

Salts of compounds formed by the condensation reaction of two or more 
compounds of formula (I) with one or more molecules of a phenol- 
reactive aldehyde are suitable for use in the ester-cured alkaline resole 

25 resin. Examples include, but are not limited to, resinous reaction 
products of phenol itself, salts of substituted phenols such as alkylated 
phenols, halogenated phenols and multi-hydroxy phenols, and hydroxy- 
substituted multi-ring aromatics. Furthermore, mixtures of aldehyde- 
reactive phenols, such as those obtained from coal tar fractionation, 

30 depolymerised lignin and cashew nut shell liquid, can be employed as all 
or part of the resole component. 
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The phenol-reactive aldehyde used to react with the compound of formula 
(I) to form an alkaline phenolic resole is preferably a compound of 
formula 

RCHO (n) 

wherein R represents a hydrogen atom or a straight or branched chain 
alkyl group having from 1 to 8 (preferably from 1 to 4, more preferably 
from 1 to 2, most preferably 1) carbon atoms; or a precursor of a 
compound of formula (II). 



Examples of suitable aldehydes include formaldehyde, acetaldehyde, 
propionaldehyde, n-butylaldehyde, n-valeraldehyde, capro aldehyde. 
15 Compounds suitable for use as precursors for a compound of formula (II) 
include compounds that decompose to formaldehyde such as 
paraformaldehyde, trioxane, furfural, hexamethylenetriamine, acetals that 
liberate formaldehyde on heating, and benzaldehyde. 

20 The aldehyde is preferably reacted with the compound of formula (I) in a 
ratio of from 1:1 to 1:3, preferably from 1:1.2 to 1:3, more preferably 
from 1:1.5 to 1:3. 

Some of the alkalis M(OH) x (where M represents a non-hydrogen cation 
25 and x represents 1 or 2) are not very soluble in an aqueous resin e.g. 
calcium hydroxide. They can still be" used by dehydrating the resin and 
using the ester as a solvent for the resole. The water insoluble alkali can 
then be dispersed in the resin to form a paste. A polar solvent (for 
example water) is then required to start the reaction. 

30 
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The ester curing agent used to cure the alkaline phenolic resole resin is 
preferably of formula 

R*COOR< m 

wherein R' represents a hydrogen atom or a straight or branched chain 
alkyl group containing from 1 to 8 carbon atoms (preferably from 1 to 4, 
more preferably from 1 to 2 carbon atoms) optionally substituted by a 
halogen atom; and 

R< represents a straight or branched chain alkyl group containing from 1 
to 8 carbon atoms (preferably from 1 to 4, more preferably from 1 to 2 
carbon atoms) optionally substituted by one or more hydroxy and/or 
R 3 COO- groups, or 

a phenyl group optionally substituted by a straight or branched 
chain optionally unsaturated alkyl group containing from 1 to 8 carbon 
atoms (preferably from 1 to 4 carbon atoms, more preferably from 1 to 2 
carbon atoms) optionally substituted by a hydroxy group, a halogen atom 
(preferably chlorine), a hydroxy group, and/or a phenyl or benzyl group 
(optionally substituted by a hydroxy group and/or a straight or branched 
chain alkyl group containing from 1 to 8 carbon atoms (preferably from 1 
to 4 carbon atoms, more preferably from 1 to 2 carbon atoms)); or 
R J represents a chemical bond to R< and R< represents a straight or 
branched chain alkyl group containing from 2 to 10 carbon atoms 
(preferably from 2 to 4 carbon atoms) . 

The ester curing agent for the alkaline resole resin must be reactive with 
the alkali to produce a salt in the cured resin. Reactive esters can 
include, but are not restricted to, carboxylic acid esters, esters of 
polyhydric alcohols, lactones and carbonate esters, phenolic esters and 
resole esters. Examples of reactive carboxylic acid esters are methyl 
formate and ethyl formate. Examples of reactive polyhydric alcohol esters 
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whtch may be „ sed as curing agen( for ae res . n . nciude 

~e and ethylene glycol diacetate. Examples of reactive carbonate 
e*ers mclude cyclic carbonate esters such as prppyl e„e catena* and 
ethylene carbonate. Examples of reactive lactones mdude propiolactone 
» —.cone and caprolactone. Examp.es of reacti: 

pbenol,c ester, are phenyl acetate and resorcino. diacetate. An examp.e 

mL7T T" " 2 - 4 - 6 -™-™ »~y,pben yl acetate. 

IT, " ^ " e " Sed ^ — carbonate and 

tnacetin to vary the rate of cure. 

0 

It has been found tbat tbe rate of curing o, the reso.e by the ester is 

formate (R - H) reacts approximately 1000 time, faster than e.h y l 

, i r *" 10 ~ <* »— - over a Jc 

a td. The gel „me S achieved using each ester also exhibit a similar order 

1ST The carbon chain lens,h of - alcoh ° i (r, > 

1 T ra ' eS ^ ,0 S I *~ — Wi * «- saponification 

rate reduced and the gel time increased with each additiona, carbon B is 

also been found tha, as the chain .ength and/or branching of R 3 and R< 

mcreasea the miscib,l ity o, the resin and ester is reduced. Good 

"proceed It is therefore dear that the selection of an eater curing agent 

iiTTr tte cure ra,e ° f *• • ™ d ^ -» 

carbonate ton formed in me reaction and u„ima,el y me sal, contained in 
the polymer matrix which influence the properties of the e.ectroly,e. 

aTalilr h USe V n rea0U ° n '° fOTm * e ~- 

phenoltc reso.e resin used i„ me invention is preferably an 

compound which is capable of forming a conducting sal, wbich is 

* ; : reSm USed " A " ^ - • stable base 

a hydroxtde or an oxide of an alkali or allca.me earm metal or of 
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ammonia, e.g. lithium, sodium, potassium, magnesium, calcium, barium 
or ammonia. 

The ester-cured salt-containing alkaline phenolic resole resin used in the 
5 invention is prepared from a resole resin, an ester curing agent, one or 
more bases and, optionally, a polar solvent. Methods for their synthesis 
are well known to a person of skill in the art and are described in DE-C-1 
065 605, DE-C-1 171 606, JP-A 49-16793 and JP-A 50-130627. 
According to these publications, a highly alkaline phenolic resole resin in 
10 aqueous solution may be cured at ambient temperature by reaction with an 
organic ester by contacting the resin with the ester in the form of a liquid 
or a gas. The ester-cured alkaline phenolic resole resin containing 
conducting alkaline salts used in the invention is optionally in dried or in 
anhydrous form depending on the particular properties required. 
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Ester cured alkaline phenolic resoles can be differentiated from acid cured 
resoles in that the polymer matrix of the cured alkaline phenolic 
composition contains a high level of alkaline salts. To disperse or 
dissolve salts of carboxylic acids is very difficult in liquid resoles as the 
phenolic resin can lose solubility and precipitate from solution. 
Secondly, acidifying a phenolic resole containing dispersed salts of 
carboxylic acids will generate C0 2 due to the decomposition of the salt on 
reaction with the acid. It is therefore a unique feature of the cured 
alkaline resole composition that high quantities of carboxylic acid salts 
are present in the cured polymer matrix having been formed during the 
cure reaction. 



The resin used in the invention optionally includes a plasticiser to 
increase flexibility of the resin. It will be appreciated that for some 
applications a flexible resin would be useful. The plasticiser is preferably 
inert, alkali compatible, non-volatile, and/or liquid. Preferably the 
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Placer is soluble in the resin milot the ester 
Preferably the pI as«ci S er b present in an from 5 to 30% by weigh,, more 
preferably from 10 ,o 20% by weight. Examp.es of the pla.nei.er inelnde 
an excess of the eater curing agent, polyvinylaeetate and/or a 
5 polyethylene glycol. 

The nature of the asymmetric electrodes used in the electrical device 
according to faventioil wU1 depend apon ^ ^ ^ ^ ^ ^ 

electroiyte. I, will be straightforward for a person „, skiII in art to 
determine what erodes are to be used: Examp.es of ^ 
e ectrodea include a zinc negative electrode and a positive electrode mane 
of materials selected fr„ m the group Qf ^ ^ 

nicke./mo.ybdenun./chromium alioy wherein the polymer electrolyte is in 
contact with the negative and positive electrodes and contains dissolved 
15 aUcalme salts,- or a tithimn-ion cell using . ^ rf 

ox.de and carbon in me form of graphite or coke as the negative e.ectrode 
where the electrolyte contains a dissolved lithium salt. 

The invention a!so provides use of an ester-cured salt-containing alkaline 
20 resole ream as an electrolyte or as an electromagnetic shielding materia! 
or to prevent electrostatic discharge a, a ,ocation. Examples „, 
app .cations for the resin used in the invention as an electromagnetic 
Welding material include housings for electronic products, such as 
computers, cash registers, portable phones and other consumer 
25 electronics, anti-statio packaging materials for use with electronic 

components or with fine powders e » t^. t. 

» puwuers, e.g. foods, where there is a risk of 

dust explosions caused by electrostatic discharge. 

The invention further provides a method of suppressing electromagnetic 
30 .nterference in a product which method includes shielding the product 
wtth an ester-cured salt-containing alkaline resole resin. The shielding 
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preferably involves providing the prodnot with a housing constructed a, 
least partially front the ester-cured salt-containing alkaline resole resin 
The produce may be an electrical or electronic product. 

5 The invention also provides a method of preventing electrostatic discharge 

at a location which method includes providing an ester-cured salt- 
containing aIkaline resole resjn M (he looat . on a sui(aMe iooation 

be a packaging for a fine powder or for an electronic device or component 
such as a micro chip or a printed circuit board; or the location might be a 
floor covering, a gas meter part, a water pump seal or a self lubricating 
beanng; or a workbench or a similar location where devices or 
components sensitive to electrostatic discharge are mandated or 
otherwise worked on. 

15 The invention is illustrated by way of example with reference to the 
following drawing: 
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Figure 1 shows an outline cross-sectional view of an electrical 
device according to the invention. 

Figure 1 shows an electrical device 1 which has a block of electrolyte 2 
with asymmetric electrodes 3a,3b at each side of it. The asymmetric 
electrodes are each provided with electrical connectors 4a 4b The 
electrodes are asymmetric electrodes in that the two electrodes do not 
25 have the same composition such that they are made from different 
materials. Examples of suitable asymmetric electrodes are given above 
but they are not intended to limit the scope of the claims. 

As an alternative to the illustrated embodiment, the electrical connectors 
30 4a,4b could be replaced by current collectors as is commonly known in 
the art. 
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The following examples illustrate how t0 prepare an ^ ^ 

he tnvention. The benefit „, the invention „ ^ demonstrated 

. <hese examples the materials used are a convention* al^ne phenolic 

5 resoe , in A) , . higMy ^ ^ ^ ^ a ^ 

resoe ^ c) , ^ ^ ^ J 

ulphomc acid (catalyst), polyethylene glycol (piasticiser, and graphite 
(conductivity promoter). P 

EXAMPLE 1 
Resin A: Preparation of an alkaline resole 

Resin A « an ^ phe no,-forma,dehyde resin with a formaldehyde to 

r 5 TT io of 2 0:1 and a so<Uum hydro * we to — ™«o 

of 0.65.1. Pbenol (5 . 0 mo.) md sodium hydroxide ^ ^ ^ . 
charged to a reaction vessel and the temperatnre maintained at 65°C 
whtls, 50 % formalin (3.0 mol, waa added. The temperature was allowed 

20 L / t0 8 °° C ^ main,aiMd 8 °° C WhUe * «— charge of 
20 50 % formalin (5.0 mol, was added slowly over 30 minutes. The mixture 

was men held a, 80'C for 60 minutes before 50 % sodium hydroxide 

solutton (3.15 mol, was charged maintaining temperature at 80°C The 

resin was condensed at 80°C to a viscosity of 400CP. 

25 

EXAMPLE 2 
Resin B: . Preparation of a highly alkaline resole 

30 aT h ' Sher a " Caline Phe " 0l - f0 ™^yde resin than resin A. with 

a formaldehyde to phenol molar ratio o, 2.0, and a sodium hydroxide to 
phenol molar ratio of 0 85-3 pk ann i /c « 

or u.5D.i. Phenol (5.0 mol) and sodium hydroxide (0,1 
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mol) were charged to a reaction vessel and the temperature maintained at 
65°C whilst 50% formalin (3.0 mol) was added. The temperature was 
allowed be raised to 80°C and maintained at 80°C while a second charge 
of 50% formalin (5.0 mol) was added slowly over 30 minutes. The 
5 mixture was then held at 80°C for 60 minutes before 50% sodium 
hydroxide solution (4.15 mol) was charged maintaining temperature at 
80 °C. The resin was condensed at 80° C to a viscosity of 250cP. 
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EXAMPLE 3 
Resin C: Preparation of a neutral resole 



Phenol (1 mol) and sodium hydroxide (0,004 mol) were charged to a 
reaction vessel and the temperature maintained at 50° C whilst 50% 

15 formalin (0.6 mol) was added. The temperature was then raised to 80°C. 
The temperature was maintained at 80 °C as a second charge of 50% 
formalin (1.0 mol) was added slowly over 30 minutes. The mixture was 
then held at 80°C for a further 45 minutes. The pH was adjusted with p- 
toluene sulphonic acid solution to 6.0 + /-0.2. The resin was cooled to 

20 60°C and then dehydrated by vacuum distillation until a viscosity of 200 
cP was reached. The resulting resin had a resin solids content of 72%. 

EXAMPLE 4 



An ester-cured resole resin for use as an electrolyte was prepared by 
mixing 50g of resin A with lOg of butyrolactone in a paper cup. Part of 
the mixture was poured into a latex mould and allowed to harden. A gel 
time was recorded from the mixture left in the cup. 
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EXAMPLES 5-10 
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In examples 6-10, the same procedure as in examp,e 5 was foUowed t „ 
prepare further ester-cured resole resins from the ingredients set out in 
the following Table 1: 

TABLE 1 



Example 




50g of resin B was mixed with 12g of butyrolact"o^e" 



50g 01 resin C was cooled to below 10 «C (to previa 
exotherm) and mixed with 2g of acid 
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50g ui resm A was mixed with lOg of PEG 400 and then 
lOg of butyrolactone 



50g of resin A was mixed with 50g of grap hite and 10g 
of butyrolactone 



The cast specimens obtained from Examples 5 to 10 were allowed to stand 
at room temperature over 24 hours before conductivity measurements 
were made using a Como DT3800 Digital Multimeter. 

The conductivity results are shown in Table 2. 
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TABLE 2 

Conductivity measurements at 20°C on cast specimens 
prepared in Examples 5-10 
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7 


N/A 


> 5.00 x 10- 8 


8 


15 min 


7.14 x 10 s 


9 


N/A 


2.42 x 10 s 


10 


N/A 


1.12 x 10" 1 



10 



15 



Examples 5-7 illustrate the conductivity induced by the formation of the 
alkali metal salts in the ester cured phenolic resole reactions (examples 5 
and 6) compared to the acid cured resole composition (example 7). 

It should be noted that the conductivity is further enhanced in example 6 
by the use of a resin with a higher concentration of alkali. The quantity 
of salt in the cured polymer matrix is directly proportional to the alkali 
concentration in the resin. The concentration of alkali in the resin is only 
limited by the mechanical requirements of the cured polymer composition. 
Typical salt levels can be calculated. For example, Resin A contains 
10.7% sodium hydroxide. Therefore in 50g resin A there is 5.35g 
sodium hydroxide. In example 8, during reaction with the ester, 
triacetin, 11. lg sodium acetate is formed. This represents 18.5% salt in 
the total composition. When dehydrated the salt content will represent up 
to 25% of the cured dry phenolic composition. By adjusting the alkali 
content and selection of ester the final salt content can be increased or 
decreased. 



20 Example 8 demonstrates the difference in hardening rates when different 
esters are selected. In example 8 triacetin gels resin A in 15 minutes 
whereas butyrolactone in example 5, gels resin A in 2 minutes and 25 
seconds. This is an important processing feature. Esters can be selected 
on the basis of their saponification rate or alternatively fast reacting 

25 esters can be blended with slow reacting esters to give a chosen gel time. 
Example 9 was carried out to demonstrate that plasticisers could be 
incorporated into the cured polymer matrix. Cured phenolic resin 
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compositions are known to be rigid and inflexible. It is therefore 
important that a means to introduce flexibility is available. Polyethylene 
glycol (PEG) was used in this example but this does not exclude other 
plasticisers compatible with alkali for example novolak resins. 

Graphite is a well-known conductivity promoter and is commonly used in 
electronic applications such as electrode compositions and antistatic 
products. To demonstrate the versatility of the alkaline resole resin, a 
quantity of graphite was mixed with the resin before addition of the 
curing agent. The casting prepared from the mixture exhibits good 
conductivity. 




FIGURE 1 



